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FATLURE MODES EFFECTS ARALYSIS (FMEA) -~ CRITICAL HARDMWARE
MUMBER: D4-2_5178-[M.X¥ 553
' AT TAZANENT
SUBSYSTEM NAME: AUXILIARY POWER UNIT {APuU} FAGE iF CF

REVISION : 3 1ls21/91

PART NAME PART MUMBER
VENDOR NAME VENDOR NLMEER
oLRU AUX1LIARY POWER UNIT (APU) HC201-0001-04XX
2 SUNDSTRAND X742211X
WERL THERMOSTAT 59057
. SUNDSTRAND DATA CONTROLS 97§.0478-002
eSRU THERMOSTAT 59903
. SUNDSTRAND DATA CONTROLS §75-0478-002
T "

® EXTENOED DESCRIPTION OF PART UMOER AMALYSIS:
THERMOSTAT, TEMPERATURE COWTRQL, AFU FUEL PUMP/VALYE (GGYM)/FUEL LINES
(&b, BYPASS, REFEREMCE)

e Pey

a QUANTITY OF LIKE ITEMS: 6
1 FOR HEATER ELEMENT A
AND OHE FOR HEATER ELEMENT B, 2 PER APL

m FUNCTION: .
T0 PROVIDE A CLOSED ELECTRICAL CIRCUIT AT A MINIMUM OF 73.5 0EG F AND
AN OPEN CIRCLIT AT A MAXIMUM OF 100 DEG F. ODIFFERENTIAL BETWEEN
tNG TEMPERATURE 1S REQUIRED TO BE AT LEAST 7 DEG F.,
EACH THERMOSTAT CONTROLS OME OF THE REDUNDANT ELEMENTS
I (HEATER A/HEATER B} OF THE APU FUEL PUMP, GGVM ANG FUEL LINE HEATERS
(REFERENCE FMEA 04-2-HR17). THERE ARE OVERTEMPERATURE THERMOSTATS, [N
SERIES WITH THE HEATERS {REFERENCE FMEA 04-2-517C).
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FAILURE MODES EFFECTS ANALYSIS (FNEA) ~- CRITICAL FAILURE MODE ATTAZkNEA

NUMBER: 04-2-517A-IM-02 PAZE 3¢ ¢

REVISIONS 3 11/21/91 R
SUBSYSTEM: AUXILLIARY POWER UNIT {APL)
LR :AUXILIARY POWER UNIT {APY} CRITICALITY OF THIS
ITEM NAME: THERMOSTAT FAILURE MODE:1Q3

-l---.--.-----.---—-..-.--..---.-.-.....-_...........___...,...---......____...-,.________"_________________ -

FAILURE MODE :
FAILS TQ OPEN {FAILS CLOSED).

MISSIOM PHASE:

PL PRELAUNCH
Lo LIFT-QFF
OG ON-DRBIT
0o DE-ORBIT

VEMICLE/PAYLOAD/XIT EFFECTIVITY: }02 COLUMBIA
103 DISCOVERY
104  ATLANTIS
105  ENDEAVOUR

CAISE: -
INTERMAL PIECE-PART FAILURE, VIBRATION, BIMETAL DISC CRACK OR FATIGUE,
LOSS OF HERMETIC SEAL, CONTAMINATION,

CRITICALITY 1/1 DURING INTACT ABDRT OMLY? NO
REDUNDANCY SCREEN A) PasS

B) PASS

C) FALL

PASS/FAIL RATIONALE:

mA)

THERMOSTAT CRENING CAN BE VERIFIED OURING TURNAROUND.

B)
CONTROL THERMOSTAT FAILEQU CLOSED IS DETECTABLE. TEMPERATURE CONTROL
BAND WILL SNIFT NIGHER FOR QVERTEMP THERMOSTAT CONTROL.

C} A Suppv T

VIBRATION OF THEAMDUNTING LINES OM THE APU CONLD CAUSE FAILURE OF
CONTROL AND OVERTEMPERATURE THERMOSTATS ON BOTH HEATER SYSTEMS A
AND B.

MASTER MEAS., LIST BUMBERS: V45TOX12A
= VABRTOXZ8A
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FAILURE MODES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MODE
NUMBER: D4-2-517A-IM.0z  °*%
ATTAZHUEZN
SEFERFR N MET LT A, FAGE 25 ¢
VAETOXT2A VST INTLh
T YABTOXS2A

--------------------------------- -i-----l--——-p---u.——.—-—-—----.-p---.---———q.-..,___-

- FAILURE EFFECTS -

w (A) SUBSYSTEM:
NG EFFECT OM APU QOPERATION. LOSS OF WEATER REDUMDANCY [F OVERTEMP

THERMOSTAT {Sr?EfS 70) FAILS

m (8) INTERFACING SOBSYSTEM(S):
NO EFFECT

w {C) MISSION:
RONE .

m (D) CREW, VEHICLE, AMD ELEMENT(S): .
NO EFFECT UNCESS FUEL LINE OVERHEATS AMD FUEL [GNITES AFTER A MINIMUM
OF 3 FAILURES. POSSIBLE LOSS OF CREW/VEHICLE,

w {E) FUNCTIOMAL CRITICALITY EFFECTS:

15T FAILURE - CONTROL THERMOSTAT FAILED CLOSED WILL RESULT 1M

OVERTEMPERATURE THERMOSTAT REGULATING TEMPERATURE.

2NO FAILURE - FRILURE OF DVERTEMPERATURE THERMOSTAT [OPEN Q& CLOSED)

WILL BE DETECTED 9Y FDA AND RESULT IN CREW SELECTING THE REOUNDANT

HEATER SYSTEM,

JRD FAILURE - FAILURE OF THE REDUNOANT SYSTEM OR COCKPIT SWITCH CAN

CAUSE FAILED ON HEATER OR FAILED OFF WEATER. FAILED ON MEATER WOULD

RESYLT IN FUEL [GMITION IF HEATER POMER [S NGT REMOVED. FAILED OFF

EESTE$ CMIt EAUSE FUEL FREEZING AND LINE RUPTURE (MYDRAZINE LEAKAGE)
N THAWING, :

e - e e - G ke A W W

- DISPOSITION RATIONALE -

m (A) DESIGN:
THE ELECTRICAL SYSTEM IS DESIGNED WITH {3) DRIVERS THROUGH (RPC) TO
TURN HEATER ON OR OFF. A (3) POLE SWITCH WHICH HAS {1) POLE TO EACH
ORIVER WMICH ENERGIZES THE CIRCUIT. AMY ONE DRIVER WILL TURN OFF A
HEATER; OME DRIVER FAILING ON WILL NOT DELIVER POWER TO THE HEATER.

SWITCH IS DESIGNED TO MEEY THE REQUIREMENTS OF MIL-$-24236, IT IS AN
| ALL WELDED CONSTRUCTION, CDRROSION RESTSTANT, SIMPLE, SNAPACTING
THERMAL: SWITCH, HERMETICALLY SEALED WITH DRY NITROGEM, IT IS RATED AT §

AH(LS, AT RS Ayiii) AL
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FAILURE MDDES EFFECTS AMALYSIS {FMEA) -- CRITICAL FA[LURE MOQDE U502 TG
NLUMBER: Od-2-$17A-IM-02 ATTACHRENT
PACE 26 OF
8 (B) TEST:

PART ACCEPTANCE TEST INCLUDES CONTACT RESISTANCE, SEAL TEST, CREEP, AND
250 CYCLE RUN-IN.

IT IS QUALIFTED By SIMILARITY TO LIKE MIL-5-24236 SWITCHES BUILT BY et
SUNOSTRAND DATA CONTROL. THE SWITCH WAS QUALIFICATION TESTED. afig T2 P
Wl FouaTion Yeilmed Ditiug- T e LR, Pebiol, gy vOor I P 2

OMASD: APU 1/2/3 HEATER TEST BY COCKPIT COMMAND VERIFIES THERMOSTATS nm-;ﬁ_ iy
FOR FIRST FLIGHT AND ON A CONTIMGENCY BASIS THEREAFTER ANY TIME THE ~ gonb~

LINE. INSULATION, CRHMEATER 1S DISTURSED, ART e
E(THE L Lai o

A AN B CONTROL THERMOSTATS/MEATER SYSTEMS ARE VERIFIED OPERATIONAL  syetié cArS

IN-FLIGHT, EVERY FLIGHT, _ L AH

w (C) INSPECTION:
RECEIVING INSPECTION:
RAW MATERIALS ARE CERTIFIED AND VERIFIED @Y INSPECTION. 13T AND 20TM
RECEIVED SHIPMENTS ARE VERIFIED BY OUT-PLANT ANALYSIS. OTHER SHIRMENTS
ARE ACCEPTED ON VENDOR-SUPPLIED CERTIF[CATION.

CONTAMINATION CONTROL: s

ALL CLEANING OPERATIONS ARE PERFORMED AND INSPECTED PER DQCUMENTED
CLEANLEINESS REQUIREMENT PROCEOURES. MICROPARTICLE ANALYSIS PERFORMED
ON A SAMPLE. PRECAP INSPECTION IS PERFORMED FOR EVERY UNIT,

ASSEMBLY /INSTALLATION:
ALL MANDATORY INSPECTION POINTS FOR MANUFACTURING GPERATIONS ARE
VERIFIED AND DOCUMENTED.

NOMDESTRUCTIVE EVALUATION: y
GROSS LEAK CHECK IS DONE IN FCA3 FLUORINERT AMD IS VERIFIED AY QUALITY
ASSURANCE INSPECTION FOR EVERY UKIT. PARTICLE NOISE IMPACT DETECTION
{PIND) TESTIMG IS PERFORMED AT THE LOWER MODULE ASSEMBLY LEVEL (WOT
ATP) FOR EVERY UNIT.

CRITICAL PROCESSES:
VERIFICATION OF CASE WELD IS QOME SY MELIUM LEAX CHECK FOR EVERY UNIT.

TESTING:
TEST EQUIPMENT CALIBRATION 1% PER MIL-STD-45682. BURN-IN CYCLING AND
ATP ARE PERFORMED AND VERIFIEQ FOR EVERY UNIT BY INSPECTICN.

HAMOLING /PACKAGING

HANOLING, PACKAGING, STORAGE, AND SHIPPING PROCEDURES ARE VERIFIED BY
PERIODIC SYSTEM AUDITS.
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FATLORE MODES EFFECTS AMALYSIS {F'HEA} == CRITICAL FAILURE MCOE 30502733
NUMBER: 04-2-517A-IM-02 mp.l:an

PAGE 27 O

m (0) FAILURE HISTORY:
CAR 34RF11:
BASELINE APU IN-FLIGHT VIBRATION LEVELS EXCEED SWITCH DESIGN LIMITS AND
HAVE RESULTED IN FAILED ON CONDITION, BUT LT COULD ALSO LEAD TO A
FAILED OFF CONDITION,

CORRECTIVE ACTION: A STUDY TO REPLACE THESE SWITCHES ON THE [APY WITH
A YIBRATION INSENSITIVE DEVICE IS IN WORK.

w (E) OPERATIDNAL USE:
MANLUALLY SWITCH TO ALTERNATE HEATER IF CONTROL THERMOSTAT AMg-—DYERTEMP-Z
—nTHERMESTAT FAILE [F ALTERNATE HEATER FAILS ON, CREW MUST REMOVE POWER
FROM HEATER THEN MANUALLY CYCLE HEATER {IF FUSSIELE}. IF ALTERNATE
HEATER FAILS OFF, CREW MUST ORIENT VEHICLE TO PREVENT FUEL FREEZING.
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RELJABILITY ENGINEERING: 0. R. ATAPATTU

NASA SUBSYSTEM MANAGER
NASA QUALITY ASSURANCE

DESIGN ENGINEERING ¢ J. R. MUNROE :
QUALTTY MANAGER : 0. J. UTTNER s
NASA RELTABILLTY H MM H
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